SPECIFICATION 
TITLE 

"SEALED COMPONENT FOR AN MRI SCANNER HAVING AN ACTUATOR FOR 
ACTIVE NOISE CONTROL, AND METHOD FOR THE MANUFACTURE 

THEREOF" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to sealed components, in particular carrying RF 
coils and gradient coils for MRI scanners, wherein actuators for active noise control 
are employed. 

Description of the Prior Art 

Gradient coils in MRI scanners generate magnetic fields that are variable in 
time and in amplitude. They are operated inside a static basic magnetic field, i.e., in 
a basic field magnet. Here, dynamic Lorentz forces act on the gradient coil 
conductors, exciting vibrations in the structure thereof. This results in the production 
of significant noise during the operation of the scanner. 

In order to actively reduce the production of noise, or the intensity of vibration, 
by a gradient coil, it has been proposed to install actuators (e.g., piezoceramics, 
magnetostrictive actuators, or the like) at suitable eigenmode-specific locations that 
during operation generate a counterforce to the Lorentz force of the gradient coil. In 
this way, in theory a 30 dB reduction in the vibrational amplitudes is quite realistic. 

Heretofore, a practical realization of this measure has not occurred, probably 
due to the difficult technical problem of creating suitable fastening points for the 
actuators, which enable a transmission of force onto the gradient structure of, 
typically, around 10 kN per actuator. In each case, the fastening points must be 
situated inside the resin matrix of the vacuum-seared coil, so that .the points of 
application of the actuators for the production of a counterforce to the Lorentz force 



of the gradient coil also are situated at the points where the vibrations that are to be 
reduced occur. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide sealed components of the type 
described above in such a way that an exact positioning of the actuators is possible 
at the location at which the noise arises, and wherein the actuators and the electrical 
terminal lines thereof are situated so as to be able to be exchanged where possible. 

This object is achieved according to the present invention by designing each 
actuator, in the form of an actuator module having holding segments fastened rigidly 
to the two ends of the actuator, with the holding segments being fastened, in 
particular screwed, onto two actuator receiving elements that are embedded at a 
spacing from one another in the sealing compound of the sealed MRI scanner 
component. Each receiving element has a fastening segment that protrudes into a 
recess in the sealing compound. The actuator receiving elements can be perforated 
anchoring plates having threaded holes or bores in the fastening segments. The 
fastening segments preferably are thicker compared to the remainder of the plates. 

Because the vibrational amplitudes are in the sub-millimeter range (typically 
<10pm), the binding between the actuator and the actuator receiving elements must 
take place without play. Bending and torsional stresses in the actuator have a 
negative effect on the functioning and lifespan of the actuator. For this reason, there 
is the technical requirement that the elements for the introduction of force be 
positioned sufficiently precisely in the coil to permit installation of an actuator, after 
sealing, in a manner free from bending and torsional stresses, and permitting the 
counter-forces that are to be produced to be introduced into the coil structure in a 
manner that is loss-free as possible. In order to realize the manufacturing in a 
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simple and economical manner, in an embodiment of the present invention a 
transmission of force is realized by static friction, i.e., screwed connecting surfaces 
between the actuator and the actuator receiving elements. 

In order to achieve this precision of the positioning of the actuator receiving 
elements and of the actuator module that is to be fastened to them, to the invention 
also includes a method in which the two actuator receiving elements are fastened on 
an installation template that stands out from the compound and corresponds 
essentially to the base surface of the actuator, and, during the sealing of the 
component, these two elements are held in the predetermined installation position, in 
such a way that the fastening surfaces and the threaded holes are not wetted by the 
sealing compound. Wetting would have an adverse effect on the functioning, not 
only with respect to the required low-loss and play-free transmission of force but also 
with respect to the requirement that the actuators be installed with low bending and 
torsional stresses. The retroactive removal of a film of compound on the contact 
surfaces would be very labor-intensive, expensive, and would result in insufficient 
functional reliability. It is therefore very important to prevent a wetting of the contact 
surfaces by the sealing compound. This is achieved by the method according to the 
present invention, using an installation template having practically the same 
construction as the actuator module to be installed later. 

After being screwed to the installation template, both actuator-receiving 
elements are brought into position. In an embodiment of the invention, the 
installation template is provided with a number of spacing pins seated on the 
fastening segments of the actuator receiving elements, each pin penetrating an 
elastic sealing plate that covers a fastening segment, the thickness of this plate 
being somewhat greater than the length of the spacing pins. During the screwing of 
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the installation template onto the actuator receiving elements, the sealing plate is 
pressed together far enough so that the spacing pins will come to be seated, and in 
this way the force transmission surfaces are oriented to one another. The defined 
gap between the surfaces is completely filled by the sealing plate, which preferably is 
made of silicon having a Shore hardness of 40, or rubber, or the like, so that it is 
absolutely certain that no sealing compound can be deposited on the fastening 
segments. 

In order to enable the installation template to be withdrawn after the hardening 
of the sealing compound and the loosening of the screws on the actuator receiving 
elements, in an embodiment of the invention the installation template is provided with 
threaded blind holes in which corresponding withdrawal tools can engage. 

In a further embodiment of the method according to the invention, a 
removable protective plate is provided for the installation template, covering the 
fastening screws and the threaded blind holes, and preventing a wetting of the outer 
surface thereof, but specifically also preventing a wetting of the screws and the 
threaded blind holes during withdrawal. In the simplest case, sealing plugs that 
engage in press-fit fashion in the threaded blind holes can be used for the fastening 
of this protective plate. Corresponding sealing plugs also can be provided in the 
area of the screws, in order to protect the actuating recesses, standardly formed as 
Allen screws. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top view of an installation location of a sealed MRI scanner 
component in accordance with the invention with an actuator module in place. 
Figure 2 is a longitudinal section through the actuator module in Figure 1. 
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Figure 3 is a longitudinal section through the arrangement according to Figure 
1 during the installation of the actuator receiving elements with the aid of an 
installation template. 

Figure 4 is a section through the installation template. 

Figure 5 is a top view of the installation template. 

Figure 6 is a top view of a sealing plate. 

Figure 7 is a top view of the protective plate for the outer surface of the 
installation template. 

Figure 8 is an enlarged segment VIII from Figure 3. 

Figure 9 is a section through the protective plate. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the exemplary embodiment shown, actuator receiving elements 1 and 2, 
preferably made of steel or brass, are perforated plates that are embedded in sealing 
compound 3. Thickened fastening segments 4 and 5 are provided at the front end of 
these plates, and extend partially into a recess 6. An actuator module 9 is screwed 
onto regions of contact surfaces 7 and 8 of the fastening segments 4 and 5 that are 
exposed. The module consists of the actuator 10 and two holding segments 1 1 and 
12 connected rigidly with one end. 

For the positioning and bringing the actuator receiving elements 1 and 2 into 
the sealing compound 3, these actuator receiving elements 1 and 2 are first screwed 
onto an installation template 13 that is provided with precisely dimensioned spacing 
pins 14 and 1 5 in the region of the fastening segments 4 and 5 over contact surfaces 
7 and 8. These pins 14 and 15 are seated on contact surfaces 7 and 8 so as to form 
a defined gap as soon as installation template 13 has been screwed to the actuator 
receiving elements 1 and 2 with screws. Here, a sealing plate 16 is situated 
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between the components, the sealing plate being thicker by a few tenths of a 
millimeter than the length of the spacing pins 14, 15. As the screws are tightened, 
this sealing plate 16, made of silicon, rubber or the like, is compressed, so that the 
pins 14 and 15 are respectively seated on the contact surfaces 7 and 8, and an 
exact orientation of the actuator receiving elements 1 ,2 is achieved. The fastening of 
the installation template 13 with the actuator receiving elements 1 and 2 screwed 
thereon can take place if necessary on the outer mold form. For this purpose, for 
example a bolt (not shown) can be provided on the installation template 13. 
However, the fastening preferably is achieved by the actuator receiving elements 1 
and 2 being fastened to the conductors of the respective coil, or to adjacent cooling 
coils, at a suitable location, in order to have the allocation of the actuator 10 adapted 
specifically to the conductor geometry. In practice, this is not always achieved 
entirely precisely, so that an orientation by fastening to the external mold for the 
compound may possibly fail to ensure optimal positioning at an eigen mode-specific 
location. 

The installation template 13 is covered by a protective plate 18 that is 
provided with first sealing plugs 19 that engage in press-fit fashion in blind threaded 
holes 20 of the installation template 13, these holes being used for the withdrawal of 
this installation template after the hardening of compound 3. Additional sealing plugs 
21 engage in Allen recesses 22 of screws 23, which connect installation template 13 
with actuator receiving elements 1 and 2. This prevents sealing compound from 
being able to penetrate into these Allen recesses 22 or into the blind threaded holes 
20, which would have an adverse effect on the intended functioning. The protective 
plate 18 is provided with a peripheral thickened edge 24, which increases stability. 
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Moreover, it forms a separating edge from sealing surface 25, in order to enable the 
cover to be removed from the mold more easily. 

The present invention is not limited to the depicted exemplary embodiment. 
The actuator receiving elements can be formed and constructed in a different 
manner. The same is true for the shape and construction of the installation template 
13, for which it Is essential only to keep open the overall space for receiving the 
actuator module 9, also ensuring that contact surfaces 7 and 8, for the screwed 
fastening of the actuator module onto actuator receiving elements 1 and 2, are kept 
free of sealing compound. 

Although modifications and changes may be suggested by those skilled in the 
art, it Is the intention of the inventors to embody within the patent warranted hereon 
all changes and modifications as reasonably and properly come within the scope of 
their contribution to the art. 
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WE CLAIM AS OUR INVENTION: 

1. A sealed component for a magnetic resonance imaging scanner 
comprising: 

cured sealing compound carrying at least one RF coil and at least one 
gradient coil for magnetic resonance imaging; and 

an actuator module comprising an actuator for active noise control during said 
magnetic resonance imaging, said actuator having opposite ends, two 
holding elements respectively rigidly fastened to the opposite ends of 
the actuator, two actuator receiving elements respectively fastened to 
the two holding segments, said two actuator receiving elements being 
embedded in the cured sealing compound with a spacing between said 
two receiving elements, and each of said two receiving elements 
having a fastening segment that protrudes into a recess in the sealing 
compound. 

2. A sealed component as claimed in claim 1 wherein said two holding 
segments are respectively screwed onto said two receiving elements. 

3. A sealed component as claimed in claim 2 wherein each of said 
receiving elements comprises a perforated anchoring plate region connected to the 
fastening segment, the fastening being thicker than said plate region and said 
fastening segments having threaded bores therein for respectively receiving screws 
for fastening to one of said holding segments. 

4. A method for manufacturing a sealed component for a magnetic 
resonance imaging scanner, comprising the steps of: 

providing an actuator module comprising an actuator for active noise control 
during magnetic resonance imaging with holding segments rigidly 
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fastened respectively to opposite ends of the actuator, said actuator 
having a base region; 
providing two actuator receiving elements each having a fastening surface 
and threaded holes adapted to receive screws for fastening one of said 
holding segments thereto; 
pouring sealing compound for sealing at least one of a radio-frequency coil 
and a gradient coil for use in said magnetic resonance imaging, and 
during pouring of said sealing compound, holding said actuator 
receiving elements in a predetermined installation position with an 
installation template removably engaging the two actuator receiving 
elements and projecting from said sealing compound, and covering the 
respective fastening surfaces and threaded holes of the two actuator 
receiving elements so that said fastening surfaces and threaded holes 
are not wetted by the sealing compound; and 
after pouring said sealing compound, uncovering said fastening surfaces and 
threaded holes and screwing the respective holding segments to the 
two actuator receiving elements. 
5. A method as claimed in claim 4 comprising providing said installation 
template with a plurality of spacing pins seated on the respective fastening segments 
of the actuator receiving elements, and providing an elastic sealing plate between 
the actuator receiving elements and the template into which the pins penetrate, said 
elastic sealing plate having a thickness exceeding a length of the spacing pins, and 
engaging the installation template with the actuator receiving elements by tightening 
screws proceeding through said installation template and into the respective actuator 
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receiving elements until tfie pins respectively contact the actuator receiving 
elements. 

6. A method as claimed in claim 5 comprising providing said installation 
template with a surface profile adapted to receive a withdrawal tool for withdrawing 
the installation template from the sealing compound. 

7. A method as claimed in claim 6 comprising providing said installation 
template with threaded bores as said surface profile. 

8. A method as claimed in claim 6 .comprising covering said installation 
plate with a removable protective plate that prevents wetting of said surface profiles 
by said sealing compound. 

9. A method as claimed in claim 8 comprising providing said protective 
plate with sealing plugs that engage said surface profiles with a press fit. 
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ABSTRACT OF THE DISCLOSURE 

Sealed components for an MRI scanner, in particular carrying RF coils and 
gradient coils have actuators for active noise control that are a part of an actuator 
nnodule having holding segments fastened rigidly to the opposite ends of the 
actuator. The holding segments are fastened by screws onto two actuator receiving 
elements that are embedded at a spacing from one another in the sealing 
compound, and so that each fastening segment protrudes into a recess in the 
compound. 
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